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OF PRCFELLER ROTATTION CN TRIM CHLRACTERISTICS

ENGTNE JNOPTNRATIVE
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Ey Marvin Ditkin, Johin W. Draper, and Charles V. Bennett

Tests heve been macde in the Langley free-flight tunnel
to determine the fnfluence of mode of propeller rotation
and vertical-tall design upon the trim characteristics of
a model of a twin-engine alvrplans witihh one engine inoner-
ative. The test model was mc*n“”ﬁ on a trim stand, which
allowed frecdom in roll and vaw under conditions simulat-
ing those reguired by the [JACL and the Army Alr Forces for
agymmetric~pc wer operaticon in flizhts The seven vertical-
tail desligns testcd included three tails of low aspect
retio und of different area, one twin tail of low aspec

a

ai ct
ratio, two tails of nhigh aspect rotin and with different
rudder areas, and cne all-movable tail o
ratio equipped with a lirked tab., A4Lll tes

with the flaps down.

high aspect
ts werse made

The teste showed that the effect of ‘mode of propeller
rotation upon the direc?ional trim characteristics of the
model operating with asymmetric power was considereble.
Propelicr “Otablon in which the upper tips rotate cut-
board teward the ving tip (outboard rotation) gene rally
created more severe out-of-trim cenditicns than inboard
rotation.

The all-movable tall design was found to be more
effective than th@ other de<igng ftested in nullifying the
effects of asymmetbtric power, The conventional tail de-

sigrs with %lgb aspect ratio were more effective than the
designs with low aspect ratio in this °e°pfo* The single
vertical tailg were generelly more eifective in trimming
the yawing moments created by asv.ometrlic power than

twin vertical tails of trhe =zame aspect ratio end equal
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area, particularly when the ruvdder was free. At small
angles of siceslip, hoaever, the moments caused by
asymmetric power Were mcre readily trimmed by deflecting
the rudders of the twin tail. than by deflecting the
rudder of a single tall.

The trimming effectiveness of the vertical tail in-
creased almost directly with vertical-tail area but in-
creased at a decreasing rate with rudder deflection and
chord.

When the rudder was free, the addition of dorsal-
arid ventral-fin areas permitted increases In the asym-
metric power balanced by the tail surface at moderate
angles of sideslip.

INTRODUCTION

#ne failure of one Or more engines of multiengine

airplanes introduces a sudden ard severe demand upon the
directional stability and control of those airplanes.

Such failures result IN the instantansoue application of
large vawing moments chat must be neutrslized either by

the rudder control or by the directional stability of the
airplane. In addition, asymmetric power conditions create
rolling moments that must be balanced by ailersn deflection
in order to maintain straight flight. This aileron de-
flection creates additional yawing moments thst require
further trimming by the vertical tail surfaces. For multi-
engine airplanes, then, the asymmetric power condition
generally imposes the most severe requirements for di-
rectional stability and control and to a large extent
dictates the design of the vertical tall surfaces of these
airplanes.

An investigation hae therefore bsen carried out in
the Langley free-flight tunnel to provide data. concerning
the relative merits of seven vertical-tail decigns and
two modes of propeller potation under conditions of asym-
metric: power. The NACA and Army flying-gualities require-
ments (references 1 ant? 2) for directional stability and
control of airplane? operating with asymmetric power were
used tn establish the test conditions., The results of the
investigation are reported herein.
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A .-scale model- of a conventional twin-engine air-
plane I "the medium-bomber class {(the Worth American
R-22 airplane) was used in the tests, The model was
mounted On a test stand, which allowed freedom in yaw and
roll. The effects of asymmetric power could thus be visu-
ally observed from changes in the model attitude.

The seven vertical-tail designg studied in this in-
vestigation varied in either asﬂpot ratio, total tail
area, rudder area, Or general arrangement. Tests were
maﬂe with rudders fixed and free, and the effects of
adding various dorsal ang ventral fins were studied with
the rudders free. The effect of mode of rotation of the
operating propeller upon the vertical-tail characteristics

was investigated fo; all tail arrangements. All tests
Fere made With the laps down.

SYMBOLS
Cy, 11ft coefficient (I&?%ifé
I Roll £
Gy olling-moment coefficient ( o éﬂﬁ momen )
n Sy
Vayi
Cp vawing-moment coefficient ( YAWIDE ﬂoment
- CSWUV
Cn rats of change of yawznv—mowen coefficient
¥ .
with angle of sideslip (l )
T thrust coefficient for one engine
pVC«DZ
D propeller diameter, feet
P density of alr, slug per cubic foot
v free-stream airspeed, feet per second
A 3 Folro e 2
It ate— off velggéggdat end of take-oft run, feet per
Vinin stalling speed with flaps down, feet per second
q free-strean dynamic pressure, pounds per square

foot 1 V2
(#*)
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effective thrust of one engine, pounds
propeller efficiency, percent

gross weight, pounds

wing area, square feet

brake horsepower of fl-111l-scale airplane simulated
by model

thrust horsepower
combined aileron deflection, degrees

rudder deflection, positive when trailing edge 1is
to left, degrees

flap deflection, positive when trailing edge is
down, degrees

elevator deflection, degrees

tab deflection of all-movable tail, positive
when trailing edge is to left, degrees

tail incidence of all-movable tail with respect
to center line of fuselage, degrees

angle of attack, degrees

local angle of attack of vertical tail, degrees
angle of sideslip, degrees

aspect ratio of vertical taill <;t€/%%>

area of vertical tail, square feet

balance area of rudder, nercent rudder area
rudder area, square feet

gpan of vertical tail, feet

wfng span, feet
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APPARATUS
Wind Tunnel

The tests were made in the Langley free-flight tunnel,
a complete description of which will be found in refer-
ence 3. The tunnel was locked at an angle of pitch of 0°
for all tests.

Trim Stand

All tests were made o a trim stand, which was
securely fastened to the flcor of the wind tunnel. This
stand was so constructed as to allow the model freedom
in roll and yaw about the stability axes of the model.

The stability axes are a system of axes in which the
Z-axis is in the plane of symmetry of the airplane perpen-
dicular to the relative wind. The X-axis is in the plane
of symmetry perpendicular to the Z-axis, The Y-axis is
perpendicular to the plane of symmetry. The origin of

the stabilfty axes is at the center of gravity of the air-
plane, which for the present tests was located on the
fuselage center line 25 percent of the mean aerodynamic
chord behind the leading edge.

Photographs of the model mounted on the trim stand
are given as figure 1 and the construction of the stand
is illustrated in figure 2. Figure 2 shows that bearing A
permits freedom in roll and bearing B permits freedom in
yaw. A calibrated coil spring was inserted in bearing A
to provide stability in roll. This alteration made pos-
sible the measurement of unbalanced rolling moments as a
functfon of the angle of bank and thereby facilitated the
trimming of these moments by means of aileron deflection,
Both bearings A and B were equipped with ball bearings to
keep frictional effects to a minimum,

The trimming fin shown In figure 2 was added to the
trim stand to neutralize the drag yawing moments caused
when the wind was on by the forward struts at an angle of
yaw, Since this fin area was such that the trim stand
was in complete equilibrium of yawing moments CnB =0
over the yaw range tested, the trim stand did not affect
the directicnal stability characteristics of the model.
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Mode1

The model used in the investigation was a %6—scale

model of the North American B-28 airplane. A three-view
drawing and a photoegraph of the model are given as figures
3 and 4, respectively,

The model was equipped with 2 four-blade propellers
having a diameter of 8,80 inches and set at an angle of
pitch of 20°, Power was furnished by a direct-current
controllable-speed electric motor rated 1/8 horsepower
at 15,000 rpm. The left propeller, which was kept in-
operative during the testg, was SO mounted as to windmill
freely. The right propeller, which was used as the oper-
ating propeller for all tests, was geared to the motor at
a ratio of 1:3, Provision was made for reversal of the
direction of propeller rotation. The model was equipped
vvith partial-span siotted flaps (fig. 3), which were de-
fleeted 45° for all tests.

Sketches of the vertical-tail designs used in the
investigation are shown in Figure 5 and sketches OF the
dorsa?.. and ventral-fin areas utilized in the rudder-
free teats, in figure E. Tail 2 represents the original
vertical tall surface of the Ffull-scale airplane and is
considered typical of conventional vertical-tail design.
The dimensional characteristics of this tail were varied
to form the other vertical-tail designs. Allvertical
tails were constructed of the NACA 3012 section. In
order to maintain similitude 3f hinge-moment character-
isticeg as far as practicable, all rudders were of identical
blunt-nose balance type with a balance area 12.2 percent of
the rudder area, This type of rudder ig of negative float-
ing tendency and trails with the wind when free.

The dimensional characteristics of the full-scale
airplane are given in the following table:

Wings

Area, sg Tt seeessssssnsnsnnnnsnsnnnssnsnnnssns 07590
Svén, Tt ceesssssssssssssssnsssssnssnnnnnsnnnnns 72,61
Azpect Pa2T10 sesssssssssnssssssnnsnnnnsnnnnnnnnns /.80
Root chord, IN. tasesssssssnsssssnssnsnsnsnnsss 161.13
Tip chord, In. sssssssssssssssssssssnnsssssnsnss 67.00
Mean aerodynamic chord, IN, sssssssssssssssssss 120.09
Root SECLION suwswssssssssnsssssnssssssnssss NACA 23C17
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Tip section sesssssssssnnsssssnnsssssnnssas KACA 4409R
Percent chord line with zero sweepback sassssssnsss 39
Sweepback at leading edge. deg sueensnssnssnsnnsns 4.2
Dihedral angle. deg s.ivevennnsnnnnnnnnnnnnnnnnsnnnns?
INCIAENCE. dEE wuvrrrssnnnnnnnnnnnnnnnnnsssssnnnnnns 3
Geometric twist (washout), J€Q susususssssasasnsns @D
Taper ratlo seescssassnsnnasnssnnnsnsnnannnnnnans 2421

Fuselage:

Length- Pt L IO DN DN BN DO BN BN DN BN DN DN BN BN DN NN DN BN BN DN DN BN DN BN NN DN NN BN NN DN BN BN BN NN BN NN BN BN 54-5
Section " E E E R R NN NN NN ER N E N RN E R RN N E RN R RN EEEEREERE RGN Circular
Frontal area. sq ft sewsansnsnssnsnsnssnsnsnnnnns 285

Horizontal tail:

Total area. 80 ft weswesssssnsanssnnsnnsansanss 183.20
Span, ft seeswssssnnrsnsnnssnnnnsnnnnrsnnnnsnnns 26.85
AsSpect ratio sesssssssnsssssnssnsansnnnnnnnnnnnns ced4
Dihedral angle, d€g wswswsnsansnnsnsansnnnnsansnnsnnanO
Stabilizer setting, C6g sawwnsnssssssnansnsssnnans 1430
Length from hinge of elevator to center of

gravity of airplane, ft siveevssssnnssssnssns 28.90
Elevator balance area. SQ ft sewensssnsnsnsss=s. 10.63
Elevator area behind center line of hinge. sq ft 53.30

Vertical tail 2

Total area. sg ft cvevennnsnssnnnnnnnnnnnnnnnnns 74.90
Span. ft cueueueuennnnnsnsnsnsnsnsnsnsnsnsnsnsns 10.58
Aspect ratio sesssssssssssssssnsssssnssnsssnnssss 1.54
Length from hinge 1ine of rudder to center of

gravity of airplane. ft sesssssssssnnnnnnnnsns 27.40
Pin grea, 8@ Tt sessssssnssssnssssnssnnnssnnnnns 35,66
Rudder area. sq ft seessesssssnsssnsnnssnsssnnss 39.24
Rudder~balance area. sq ff sassssssssnssnsnsnnsas9.14
Rudder area behind hinge line. sq¢ ff sveusennas. 30,10

(Pertinent data for taile 1, 3, 4, 5, 6, and 7 are given
in fig. 5.) :

Alleron (one of two):
Area behind hinge lIne. sq 4t svvssssnnnnnnnssss 20.91

Span- ft lll:lllllllllllllllllllllllllllllllllll 11.‘41
MeanchOrd’ InlllllllIIIIIIIIIIIIIIIIIIIIIIIIIII17IO
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Flap:

Tota.l flap area’ Sq ft " E E R E NN EEEEEGEEESEEEEEEEE R BER 80-3
Total Span’ ft " §E §E fE B EEEEEENEEE NS SEE NS SEE NSNS E NN EEEERBESHR 38-4
Typ.e " § §E E N N EEEEEESEEESEESEESESESESESE S S NS SN E NN EEEEEEGEGBEGSR Slotted

SPECIFICATIONS AND CRITLZRICNS

The MACA and Army flight requirements for multiengine
airplanes operating with asymmetric power were chosen to
establish the proper test conditions. No separate attempt
was made to reproduce the Navy specifications for asym-
metric power because of the close similarity between the
Navy- ani! the NACA specifications.

Specifications for Directional Control
(Rudder Fixed)

The NACA and Army specifications (references 1 and 2,
respectively) for directional control of airplanes operating
with asymmetrie power are as Tollows:

NACA requirement (IT=%) 3,- ¥The rudder control should
be sufficiently powerful to provide equilibrium of‘ yawing
moments at zero sideslip at all speeds above 113 percent
of the minimum take-off speed under the follcwing conditions:

a. Airplanes with two or three engines:
Kith any one engine inoperative
(propeller in low piteh) and the
other engine or engines developing
full rated power,™

Army requirement E-2c (1Xe) = ®The rudder control
shall be powerful enough to trim a multi-engine airplane
for straight flight with less than 10 degrees of sideslip
at 1.2 Vsh Wsh = stalling speed of the airplane, throttles

closed, gear down, flaps in best take-off conditiorﬂ when
the throttle on an outboard engine is abruptly cloSed
(propeller in 1low pitch) and the other engine or engines
are developing full take-off power. The flaps shall be
in the take-off setting, and the gear shall Be down.... =
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Specifications for Directional Stability

(Rudder Free)

The NACA specification (requirement (II-F) 4 of refer-
ence 1) relating to the reguirements for directional sta-
bility with rudder free under asymmetric power conditions
1S as follows:

"The yawing moment due to sideslip (rudder free with
airplane trimmed for straight flizht on symmetric power)
should be such that straight flight can be maintained by
sideslipping &t every speed above 140 percent of the mini-
mum specd with rudder free with extreme asymmetry of power
posgible by the loss of one engine."

Criterion for Vertical-Tail Effectiveness

under Lsymmetric Power Conditions
Each of the snecilicatione previously listed reguires
the directional control or the directional stabllity of
the airplene in gquestion to be sufficiently powerful to
balance the yvawing moments created by. asymmetric power
under certain specified flight conditions. It follows
that the vertical-tall effectiveness in flight may be
gaged by the maximum amount of asymmetric power which such
a teil can balance under the specified conditions. In this
investication, therefore, the maximum asymmetric power
permissible under the airspeed and trim conditions speci-
fied by the Army .and the NACA was used to evaluate the
effectiveness of the vertical talls tested.

Tt should be observed that the flight specifications
require that straight flight or complete equilibrium of
lateral forces and rmoments be meintained. In order to
maintain such equilibrium Iin flight, the ailerons must be
daflected so that the rolling moments caused by asymmetric
power are balanced and the alrplane assumes an attitude
of bank, which nullifies the side force created by rudder
deflection and/or angle of sideslin. Inasmuch as an atti-
tude of bank does not affect the trim rsguirements of the
vertical tail surface, no attempt was made in the tests to
gsimulate the halance of side force by angle of bank.
Aileron deflection, however, directly affcctes directional
trim by virtue of the yawing moments created by such de-
flections. Consequently, the ailerons wsre so adjusted
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for all tests as to maintain complete balance of aero-
dynamic rolling moments and thereby to simulate flight
conditions correctly.

TESTS
Test Conditions
The test 1lift coefficient wes established from con-
gideration of the specified airspeeds in the Army and NACA
requirements. These values were converted to Ifft-

coefficient forms as follows:

The NACA requirement (II-E) 2 a (rudder fixed) speci-
g%es an airspeed equal to 1.13 times the take-off speed.

“take-of f is assured equal to 1.2Vg,s,, the airspeed
requirement for thls specification is equal to 1‘32Vmin‘

If the maximum 1ift coefficient of the B-28 airplane is
assumed equal to 2.0, the specified Ifft coefficient cor-
responding ts. l.EQVWi is defined by the expression

2 ifi
2.0 75711?,11’17‘ which equals 1.15. In a similar manner,

1.32V, 9

the lift coefficient necessary to satisfy NACA requirement
(11-E') 4 (rudder free) was found to be 1.02. The lift
coefificient necessary to satisfy the Army requirement
(rudder fixed) was calculated as 1.3% Because it was as-
sumed that slight changes in lift coefficient would not
affect the model test results if the cerrect values of'
thrust coefficient were used, all tests were run at a con-
stant angle of attack of 5%, which corresponded to a lift
coefficient of 1.10.

o3

411 tests were run at a test velocity of 4C feet per
second, which correspond-s to a test Reynolds number of
128,000 based on the mean aerosdynamic chord of 0.503 foot.
The aileron deflections for all tests were adjusted to
provide esquilibrium of rolling moments,.

Test Procedures
Rudder fixed.- In the tssts with rudder fixed, the

model was mountea on the stand with the rudder deflected
in the direction that counteracted the yaw caused by
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asymmetric power. Measurements were then taken of the maxi-
mum amount of asymmetric thrust the rudder would balance at

angles of yaw of 0° and 10° for rudder deflections of 0°,
50, 10°, 209, and 309°.

Rudder free.- The tests with rudder free were made by
measuring the amount of asymmetric thrust and angle of yaw
produced- by asymmetric power For various! angles of yaw up
to the angle at which directional instability was encountered,
Tests with rudder free were made of the model with each of
the following vertical-tail arrangements:

(1) Vertical tail alone

(2) Vertical tail plus dorsal fin a
(3) Vertical tail plus dorsal fin b
(4) Vertical tail plus ventral fin a

(8) Vertical taill plus ventral fin a
plus dorsal fin a

The absolute dorsal- and ventral-fir areas required for
each test were determined from the percentages of the
vertical tails being tested given in figure E. No tests
were made to determine the influence of auxiliary fin area
upon the characteristics of twin tail 4.

Power calculations.- The thrust coefficients that were
obtained I1n the tests of the model were converted to the
simulated asymmetric brake horsepower of the full-scale
airplane by means of the relationship

bhp = thp

H

or L\3/2
/.
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The full-scale propel-ler efficiency m was assumed
to be equal to 0.75 Tor the calculations. Values of wing
loading W/s, and propeller diameter D were obtained
from the full-scale characteristics of the North American
B~28 airplane and were equal to 47.5 pounds per square
foot and 14.7 feet, respectively. The value of the mass
density of air p was chosen as 0.00238, which is its
value at sea level under standard atmospheric conditions.
Substitution of these values in equation (1)yfelds the
relationship

TC
bhp = — 9900 (2)
3/
Cy,”/
The values of ¢ In equation. (2) are those correspond-

ing to the airspéed specified in the Army and the NACA
requirements and were determined as shown in the section
entitled "Test Conditions." Substituting these values of
lift coefficient in equation (2) yfelds the expressions
defining the conversion of model thrust coefficient T,
to the estimated full-scale brake horsepower, which are:
For rudder fixed,

KACA requirement

bhp = 80507, (3)
Army requiranent
bbp = 6070T, (4)
For rudder free,
NACA requirement
bhp = 9620T, (5)

RESULTS AND DISCUSSION

The data obtained in the investigation are plotted
in figures 7 to 18. Figure 7 shows the rolling-moment
coefficients produced by the ailerons used in the tests.
Figures 8 to 10 present the values of the asymmetric-
thrust coefficient balanced: by means of rudder deflection.
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Figures 11 to 13 give the values of the asymmetric-thrust
coefficient balanced by the yvawed model with rudder free,
Data showing the influence of dorsal- snd ventral-fin areas
upon trim characteristics are presented in figures 14 to 18.

The test data in figures 8 to 13 were rearranged and
converted to values of full-scale brake horsepower in
figures 19 to 24, An index to all figures is presented
as table 1.~

Effect of YMode of Propeller Rotation

The mode of propeller rotaticn in which the upper
blade tips move toward the fuselage is henceforth designated
inboard rotation. The rotation in whfch the upper blade
tips move out toward the wing tip is designated outboard
rotation. Almost all conventional airplanes are equipped
with right-hand propellers. On multiengine airplanes,
the direction of propeller rotation witk respect to the
wing tips (inboard or outboard) is therefore determined
by the location of the propeller. If the right engine
fails, the direction of the operating propeller rotation
is inboard and the airplane yaws in a positive sense.

For left-enpine failures, the operating propeller rotates
outboard arid the airplane yaw is negative. The results

of the present investigation show that use of different
modes of propeller rotation caused considerable difference
in trim characteristice of an airplane operating under
agymmetric pOwer.

Kith only one exception, the data presented in
figures 8 to 13 indicate that the use of outboard propeller
rotation decreased the values of permissible asymmetric-
thrust coefficient balanced by any given vertical-tail con-
figuration and that this mode of rotation would therefore
determine the minimum vertical-tail size. The exception
occurred when twin tail 4 operated under the Army specifi-
cations (Pig. 9); in these tests inboard rotation was less
favorable than outboard rotation.

The difference In asymmetric power balanced by a given
tail arrangement with either of the two modes of rotation
appeared to increase fn magnitude with the amount of di-
rectional stability and of control being applied. The
largest differences occurred at large rudder angles and for
tails 5, E, and 7, which have high aspect ratios. Particu-
larly large effects of propeller rotation were observed when
the rudder was free.
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The magnitude of effect of reversing the propeller
rotation has been illustrated in ffgure 19. This figure
presents the calculated: values of permissible brake horse-
power Tor both modes of propeller rotation for the repre-
sentative rudder deflection of 20° (figs. 12(a) and 19(b))
and for that angle of' sideslip at which directional in-
stability was encountered in the tests with rudder free
(fig. 19(c)). This angle of sideslip was between 10° and
12° for almost all the conditions tested. The results
presented in figure 12 show that the difference in asym-
metric power balanced by the vertical tail for Inboard:
and outboard rotation was asbout 4C0 horsepower For most
conditions and was as large as 1C00 horsepower for some.

The effects of changing the direction of propeller
rotaticn appear to be explained by the data of reference
4, Reference 4 concludes that use of inboard propeller
rotation wfth the flaps down caused the slipstream to con-
verge .toward the tall. and thereby increased. the contri-
bution of the tail surfaces to directional stability for
small to moderately large angles of yaw. This slipstream
displacement would result in a beneficial effect of in-
board rotation upon the trimming action of the vertical
tail surfaces, particularly for twin tall 4, which under
NACA specifications (g = 0°) appears to be partly im-
mersed, in the slipstream jet, Reference 4 also concludes
that outboard rotation causes the slipstream jet to di-
verge, Congequently, this mode of rotation increases
the tail effectiveness at large angles of vaw but iIs less
satisfactory in this respect than the inboard mode of
rotation for other angles of yaw. This reasoning explains
the favorable effect of outboard propeller rotation upon
twin tail 4 when-operating at an argle of sideslip of 10°,
At this angle, owing to its original lateral displacement,
this tail 1ies within the slipstream.

The data obtained in the tests indicate that for
twin-engine airplanes equipped with single vertical tails
and conventional right-hsnd propellers, the fallure of a
left engine WIll impose the more severe flight conditions.
For airplanes equipped with twin vertical tails, however,
the failure of a right engine shcoculd prove more critical
to the fulfillment of the Army requirements. Similarly,
it may be reasoned that use of prepellers rotating in-
board on both wings (symmetric rotation) would be advan-
tageous for airplanes equipped with single fins both to
improve tall effectiveness and to make the handling of
controls similar regardless of the location of the
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inoperative engine, Conversely, symmetric outboard rotation
should be favorable for airplanes equipped with twin fins.

Effect of Vertical-Tall Design

Effect of vertical-tail area,~ The effect of varying
vertical-tatl area was obtained from a study of the test
data for geometrically similsar tails 1, 2, and 3. The
data for these tails with rudder fixed were converted to
values of full-scale brake horsepower anc plotted in
figure 20.

The data of figure £G(a) show that increasing the
vertical-tail area resulted in increases In the asymmetric
power balanced! by a given rudder deflection at zero angle
of sideslip. These increases, however, are not directly
proportional to the increase in tail (rudder) area, as
might normally Sa expected; tkis lack of proportionality
indicates the presence of secondary slipstream effects
upon the vertical tail surfaces, Such secondary effects
are probably produced by the sidewash angles generated
at the tail by inflow into the slipstrecam jet as well as
by the more direct effects of slipstream velocity.
Further investigation, however, is required to establish
a complete explanation of these secondary slipstream
effects.

The data in figure 20(v) illustrate the favorable
effect upon the asymmetric power characteristics of in-
creasing the vertical-tail area at an angle of sideslip
of 10°, These data show that,, when the airplane is side-
slipping, the directional stability of the vertical tail
surfaces refnforces the action of the rudder control in
nullifying the effects of asymmetric power, and higher
values of' asymmetric thrust can therefore be balanced
by a given vertical-tail- arrangement. The magnitude
of the effecte of directional etability can be obtained
from a study of the curve for a rudader deflection of
09 (fig. 20(b)), which is directly indicative of the
rudder-fixed directional stability, These data show
that the directional stability contributed by tail 1 barely
balanced the unstable yawing moments created by the yawed
fuselage-wing combination. Making the tail area larger
than that cf tail 1 increased the directional stability,
as would be expected.
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The effects of increasing tail area noted in the
tests with rudder fixed were also observed in the tests

with rudder free, Figure 11 illustrates the influence of
tail area upon the rudder-free trim characteristics of
the model operating under asymmetric power. In this

figure, the data indicate that freeing the rudder of

tall 1 was destabilizing, as would normally be expected
since the rudder type employed had a negative floating
ratio. Because of the slender margin of stability
associated with tail 1, the destabilizing action Of
freeing the rudder was sufficient to cause directional
instability. Making the tail area greater than that of
tail 1 increased the directional stability contributed by
the tail surfaces sufficiently tc overcome the destabiliz-
ing effects of the fuselage and, consequently, permitted
increases irn the asymmetric thrust balanced by the vertical
tail surfaces.

Comparison of twin tail and single tail.- Twin tail 4
may be aTreCtly compared with tail 2 inasmuch as both
tails were of the same aspect ratio and equal area. Be-
cauee the twin tail was l-ocated almost directly In the
elinztream, the twin tail nas more effective than the
gingle tail at zero and small angles of sideslip, Figure 21
shows ‘chat the influence of power at p = 0° made
tail 4 almost as effective as tail 3, a surface of equal
aspect ratio but possessing 50 percent greater area. At
angles of sideslip greater than 0%, however, tail 4 was
less effective than tail 2 with the rudder fixed at an
angle of* sideslip of 10° and with the rudder free (fig. 22).
These data confirm trends rioted in the past and irdicate
that the directional stability contributed by a twin
vertical tall is less than tkhat contributed by a single
tail of the same aspect ratio and equal area. The iIn-
creazed directional stability achieved by use of the
single tail is partly ascribed to the favorable end-plate
effect of the horizontal surfaces upon the load charac-
teristics of the vertical surfaces, |In addition, the
single tail has but one ront juncture compared with two
for the twin tail and therefore isg less affected by inter-
ference effects.

It should Se noted that the curves for tail 4 for
rudder free (fig. 22{(b)) do not pass through the origin
but fall above and below it depending on the mode of
propeller rotation emplcyed. These curves indicate that
reversing the propeller rotation altered. the sidewash
caused by the propeller sufficiently to reverse the local
angle of attack of tail 4 at small angles of sideslip.
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Tre results of the tests indicate that choice between
single and twin vertical tails would depend largely upon
the pilot's handling of the conitrols following a sudden
engine failure. TIf thie rudder control can be applied be-
fore the airplane reaches a moderately large angle of
eldeslip, the twin-tail design should be more sultable;
otherwise, the single vertical-tail design would be
preferable,

Effect of increasing aspect ratic.~ The effect of
increasing aspect ratic was determined from a comparison
of the dats obtained with tail 6, a surface of twice the
aspect ratio of tail £, with corresponding data for tails
2 and &, These cdata are shown in figure 23 and indicate
that doublirg the aspect ratio of tail 2 has approximately
the same effect as increasing the area by 50 percent at
the game aspect ratio (tail 2). This effect 1s in close
agreement with the wind-tunnel force data of reference 8,
which show that doubling the aspect ratio of a surface
from 1.5 to 3.0 increased the 1lift-curve slecpe from 2.2
to 3s1l. For a given rucdder configuration, such a change
in lift-curve slope would result in an increase in total
tail load, or trimming effectiveness, equivalent tc that
obtainable by approximately a S0-percent increase in area,

Comparison of conventioral tail and all-movable taill
with Tinksd tap.- Thae quesiion aec beer raisea whetner the
efficient action of the all-wovable tail reported in refer-
ence 6 aroge largely from the "all-movable" feature or from
the fact that the tall wag of high aspect ratio and had
the inkerent advantages associated with tails »f that type.
For the present investigation, therefore, tests cf the all-
movable tail £ were supplemerted with tests of tail 7,
which ie identical with tail & except that tail 7 is of
conventional - that is, fixed-fin - design.

A comparison of the effects of tails 5 and 7 upon
the characteristics of the airolare overating with asym-
metric powsr is shown ‘n figure 24, These data indicate
that the sall-movarle teil 1s markedly more effective than
the convenstional tail at zero sideslip with the rudder
fized end with the rudder free. 4t 10° sideslip and with
rudder fSxed, however, the all-movable tail was only
slightly more effective than the conventional tail
(fig. 24(a)).

These test results mag be explained by use of the
curves showing typical tail loads (fig, 25). These curves
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show the variation of tail load with vertical-tail inci-
dence and rudder deflection FOr = conventional and an

all-movable tail. The tab area of the all-movable tail
is assumed equal to the rudder area of the conventional
tail. The variation of the l1sad with deflection of the
all-movable tail is indicated by the dashed line in

figure 25, Thfs variation is due to the linkage between
the tab and the movable forward surface, The slope of
the load curve is determined from the linkage ratio
GM/Lt whfch, for the case investigated, was equal to 1.12.
the effect of power is ignored, the angle of attack
(tawl |nC|dence) of the conventional tail at p = 0° is
also zero. The rudder deflection therefore produces
changes in load along a path coincidental with the zero
ordinate. For example, a.rudder deflection of 10° produces
the tail load corresponding to the load indicated by
proint a. For the all-movable tail, however, a rudder
deflection of 10° causes a simultaneous change In tail
anale of attack and tab deflection and produces the load
indicated by point b. Consequently, at zero sideslip,
the all-movable tail is capable of procducing much larger
yawing moments with which to balance the effect of asym-
metric power than the conventional tall,

4t moderate angles of sideslip (10° to 15%°), the can-
ventional tail operates in the high-lift region of the
lift curve of the tail and consequently produces tafl
loads of an order comparable with those procuced by the
all-movable tail. The conventioral tail may conceivably
produce tail loads even greater than those of the all-
movable tail because the conventional tail is unrestricted

in the use of rudder. The all-movable tail, however, is
limited for a given linkage ratio to the rudder deflection
that produces the tail incidence at maximum lift, Further

deflection would cause the entire surface to stall.

In balancing the effects of asymmetric power, the
superiority of the all-movable tail to the conventionsl
tail was most marked in the rudder-free tests. This su-
periority can be ascribed to the fact that the hinge-
moment characteristics of the all-movable tail force the
entire tail to float against the wind when free (positive
floating ratio) and consequently increase the directional

stability of the airplane. In considering the advantages
of_the all-movable vertical tail over the conventional
tail, it should be observed that "snaking™ oscillations

may be induced by control-surface friction with improperly
desiened tails having positive floating ratios. (See
reference 6.)
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Effect of rudder chard.- The effect of decreasing
rudder chord 1s shown by the teat; data for tails 6 and 7
(figs. 10 and 13). These data show that, although the
rudder of tail 7 had only one-half the area ard one-half
the chord of the rudder of tail 6, the rudder of tail 7
balanced approximately two-thirds as much asymmetric power
at zero sideslip and approximately seven-eighths as much
power at 10° sideslip as the rudder of tail 6, These data
are in agreement with conventional trends because it is
known that decreasing the rudder chord fncreases the yaw-
INg moment per unit rudder area,

With rudder free, tail 7 balanced a greater amount
of asymmetric power than tail E, which indicated a favorable
effect of reduced-rudder area upon the rudder-free direction-
al stability. This action occurred because the rudders of
tails 6 and 7 are of the type that trail with the wind and
so reduce the directicnal stability when =set free. Con-
sequently, tail 7, because of its smaller rudder area,
created smaller destabilizing moments when the rudder was
set free and so balanced a greater amount of asymmetric
power .

Effect of rudder deflection.- The data obtained in
the tests stowed that increasing the rudder deflection
increased the amount of asymmetric power balanced by the
vertical tails at a decreasing rate.

Effect of dorsal and ventral fins.- The data i1llus-
trating the effect of adding dorsal- and ventral-fin areas
to tails 3, 3, 5, E, and 7 are presented in figures 14 to
1€, No data are presented for tail 1 because the addition
of dorsal and ventral fins did not noticeably lessen the
directional instability associated with this tail arrange-
ment.

The test data indicated that the addition of auxiliary
fin area increased the directional stability at large
angles of yaw and thereby increased the maximum amount of
asymmetric thrust balanced by the tail surfaces when the
rudders were free, Increase? In maximum asymmetric thrust
of the order of 30 to 100 percent were observed in the
tests.

The addition of ventral-ffn area was generally found
to be more effective than the addition cf an equal amount
of dorsal-fin area. The use of a combination of dorsal-
and ventral-fin areas (dorsal a and ventral a) was
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generally more effective thsn a single dorsal fin of the
came total. area (dorsgal b) .

Aileron deflections required to trim asymmetric
thruzt.~ A representative plot of total aileron deflec-
tions required to trim the rolling moments created by
asymmetric thrust is presented in figure 2€. These
deflections were always obtained by equal up-and-down
movements of the ailerons. Calculated values are also
presented in figure 26. These calculations were made
by using the metkod presented In reference 7. The calcu-
lated lift increments created by the operating propeller
were rultiplied by the lateral arm of the propeller to
obtain rolling moments, which were converted to aileron
deflections required to trim by use of the data In figure 7.

The results presented in figure 26 show that, although
the scatter was considerable, the test data agreed Fairly
well wFtn the calculated values and indicated that mcder-
ately large aileron deflections would be required to main-
tain straight flight vnder asymmetric power conditions.

CONCLUSTONS

The following conclusions were drawn from trim tests
of a twin-engine-airplane model operating under asymmetric
power (single-engine)} conditions specified by the NACA and
Army Air Forces:

1. The direction of rotation of theé operating pro-
peller had. am important effect upon the asymmetric power
that could be balanced by a given vertical-tail design.
Single vertical tails were most effective when the oper-
ating propeller was rotating inboard. Twin tails, however,
were most effective when the operating propeller was
rotating outboard.

2. An all-movable vertical tail of aspect ratio 3
with a linked tab was more effective thar the conventional
tail of the same aspect ratis and equal area in balancing
asymmetric power, particularly when the rudders were free,
The all-movable tail was markedly superior to the con-.
ventional vertical tail of normal aspect ratio (1.5).

3. The single vertical-tail designs generally balanced
a greater amount of asymmetric power than twin vertical
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talls of the rcame aspect ratio and equal area, particularly
when the rudder was free. At small angles of sideslip,
however,, it was possible to balance more power by rucder
deflection of the twin tails than by rudder deflecticon

of a single tail.,

4, TIncreasing the aspect ratio of a vertical tail
resulted in increasing Its trimming effectiveness under
agsymmetric power conditions by an amount proportional to
the accompanying increase in lift-curve slope,

5. The trimming effectiveness of the vertical tail
surface increased almost linearly with the vertical-tail
area. Increasing rudder deflection and rudder chord in-
creased the trimming effectiveness of the vertical tail
under asymmetric concditions at a decreasirg rate.

6. When the »ucder was free, addition of dorsal-
and ventral-fin area:! increased the capacity of the
vertical tail surfaces to balance asymmetric-power effects
at moderate angles of sideslip.

Langley Memecrial Aerconautical Leboratory
Netional Acvisory Committee for Aeronautics
Langley Tieid, Va.
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TABLE I.~ INDEX TO FIGURES

Figure Description ¥ Remarks
1 Photographs of test model mounted on trim stand in Langley free- Model with tall 2
f1light tunnel i
2 Sketch of test model mounted on -trim stand, which permitted -
freedom in yaw and roll, in Langley free-flight tunnel
3 Three-view drawing of 1 -scale twin-engine model tested in lLangley
free«flight tunnel with asymmetric power
4 Photograph of twin-engine model used in trim tests in Langley free- Model with tail 2
flight tunnel :
§ Plan-form and dlmensional characteristics of seven vertical tails
tested on a m-ecale model of a twin-engine alirplane in the
Langley free-flight tunnel ,
6 . Various fin arrangements tested with vertical talls on a.l -scale
model of a twin-engine airplane in the Langley free-flight
tunnel .
; Test speci-] Test Tall Operating-propeller
Pigure| fications [condition B ement tatl 1 Curve Remarks
- Tail]Dorsal|Ventral rotation .
T | eeccccmea= - |memwme—.— 2 S N EL T TR Propeller off ;el against 0g]Alleron calibration
ACA Rudder |1 to]|_, . colaceamen Inboardmdoutboérd Te agalnst &, Directional-control
g (g = 0% fixed 3 run
. CA Rudder {1 to|e=cw-- cmmeres levounes dowmremmnna T, agalnst 6. Do,
(p = 10%) fixed 3 i
ACA Rudder 4 B el B L S e do~emmmnnne T, against &, " Do.
(g = 0% fixed
9
y Rudder 4 c————— cermmnne laccanana dommew= -=--=|T, agalnst & Do.
(8 = 10% | rixea ° r
NACA Rudder S to|=mmuen]=-~ wmmew femecnea LR - To against 6!_ Do.
' (g = 09 tixed { 7
10
« rmy Rudder |6 to|-=--==loeecman facroeru dommmrmane- T, agalnst &, . Do
(g = 109) fixed K
NACA Rudder |1 toj=r=-==|-=e=- -— Outboard T, against g |Directional-
(Rudder freed| Tfree 3 stability run
11 : -
NACA Rudder |1 toj----==|-=-ca== Inboard Te against § Do.
I(Rudder free)| free
NACA Rudder 4 jeesees|e= .emee Outboard Ty against g Do.
(Rudder free| free
12 g
NACA Rudder 4 fewemeeo|eme——— - Inboard To agalnst g Do.
(Rudder freq| free
NACA Rudder |5 t0|-=-=e-|-mccnc- Outboard To 6gainst g Do.
(Rudder freq| free - 7 .
13 - -
NACA Rudder |6 to|-<=-wer|wcmaen= Inboard Te against g Do.
(Rudder free)| free 7
NACA Rudder 2 A1l Outboard ‘ITe agalnst p (Effect of dorsal-
(Rudder fred| free combinations? and ventral-fin
area
14 :
NACA Rudder 2 J|eme-e-s dommmmm= Inboard Te against g Do,
(Rudder free}{ free .
NACA Rudder b I e s do=wmeam Outboard Te agalnst g~ Do,
(Rudder free)| free
15 - -
NACA Rudder 3 Jeewmeae do=me== - Inboard T, against g Do.
(Rudder free)| free

1right propeller operative.
2combinations tested are tail alone, dorsal a, dorsal and véntrel a, ventesl

@, dorsal 'b.
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a NACA Rudder 5 g::iaglz"’ Outboard Te against p |Effect of dorsal-
(Rudder free} free dorsal ".n‘ and ventral-fin
16k ventral a area
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{Rudder free]| free combinations?
a NACA Rudder 6 | ~e-=- domaccnaa Outboard Te against g Do.
(Rudder fred[ free
17 -
b NACA Rudder € |e~--- dovmemmns Inboard T, against g Do.
(Rudder free) free
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(Rudder free)| free
18 _
b NACA Rudder 7 J=-=-- do-=-m==- Inboard Te against g Do.
(Rudder free)l free
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(g = 09 frixed 7 N 5p = 20° rotation
19
b Army Rudder 1 to|~eceea PRty C T dowcmmcacnn bhp for Do.
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of directional
divergence
a RACA Rudder |1 tol=---a- P Outboard bhp against | Curvee of various
(g = 0°) fixed 3 tail area rudder deflectlon
20
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21
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ventional tall
24 -
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Tail load Illustrative of
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required to trim
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Figure 1.- Test model mounted on trim stand in Langley
free-flight tunnel.
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Tail 2— [T ——T
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: | || 1320"

[

Tail 4—

Partial-span siotted "‘Lﬁl ) U\ J . Propeller diam.; 850"
" flaps deflected 45° R
NN
~6.63 NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

s =

-Wire landing gear
Figure 3.- Three-view drawing of 1/20-scale twin-

engine model as tested /17 Lang/ey free-
f/fg/# Fonel with as ymm:zfr/cq,ogwer.
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Figure 4. - Twin-engine model of B-28 airplane used in trim
tests in Langley free- flight tunnel.



NACA ARR No. L5A13 , Fig.

Hinge line il

ol
Tai [/
Tail 2
i
i 1
A ‘ _ Tail 3
. Cut-out for ' |
horizontal Tail
U b i2alitol ool
45" , [0S, amend Sl2e 122 [1221122]12.2]2 2[12.2
A 541581 154] 159 30] 3,01 30 -
| S, perment 5, 146.OHE0|H9 3]H60] 2501460250
a/‘z/ra//; af)iVOts about 0.27 MAC.
: or all 1ails /6.43" behind c.g.
T-G// 4 (One Of tWO) NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
il Tab ‘ #

4.51

x

Tail 5 @ll-movable) Tail 6 v Tail 7

Figure 5, -Pian-forym and dimensional characleristics of seven
‘ vertical tails tested on a 1/20-5cale model of a
t\Nln-eInglne arplane /1the Langley #ee -frioht
tunnel.



TSy O/ - 824 gwﬁtﬁ
Bl U SuDICIID mt\mm\%.msn b&o \\Wb%b w\Wuw i cw
S/, [DOIAIA UM DPALS3, SIUSWSDUDIID Ulf SO, =D S4D1-

SOILAYNONIY 04 JILLININOD
ABOSIAQY INOLLYN o , ,

L5A13

D /DA

g jos40q

D (0S40
ulS

NACA ARR No.



Fig.

L5A13

NACA ARR No.

QYIS JIMOY = DILIDUIUIACD  JO tot&cwm.\i\
jUUN-LOI -~ D2u4f Ul |Ipows JSIY UO pajlosul _
SUUID AQ DIYOIUD SIUSIIJP0D JaLol - bUoy - 1 aunbld

8D 1P VoI IO PRUIGUOD
% o Ob 2% o @

N
O

SOILAYNOYIY HO-IFHHEHAAOD 1 —

AHOSIAQY TYNOLLYN _ . ’

1

<
E

=
N
S
JAIII0D  JUSUIOL/~BUIfOY

N
3

N
tD

\\
3




MACA ARR No. L5A13 ~ Fig. 8a,b

O————Qperalng propeler rotalrg aurboard
+—— —Qperanng Lropelker roraing mnbaarad
Hnge 2 . .
/e .
Tl 7 iz | Tl 5
] o ]
/7k/—+
A PLOar T 7Rl 7T
6 | ' Pl g SuR
[ 2poar roren, = O beard
el AT | | bkl /]
. élﬂu%a \i rolalion /s
O{} l /,Olfa/f-lon —J’r . r{y

@) NVACA Specificakons (B=02).

/ | 0
32 HAM/ZZ L __y(r :
o roranon-1T | | /1 N
o

' nboarcd
24 4 X ~
-

. . rorafion -
nboard LA - .
i — OTBoore ¢ |Owboaral
N AllE ) L rorafion- roration
Jz/“ Bt % ©)
D

_ woard
o | |romon
0 10 0 30 0O 10 & 00 0 2 30

AIGNT ruatier Genechon), S, oeg
b)) Army  specifications B=109°
FIQUIE 8.~ ASYImmetric - power charac’srisHes of a #win-
engine - airplane model cquipped with rertical -7ar/
aesigns 1, 2, and 3. o, such that #he roing maments
cqual Oy o = 45 % =0°% o=3 5 Ieff propeler wind-
milling; ruader fixed. = . NATIONAL ADVISORY
: COMMITTEE FOR AERONAUTICS

\

Thrust COeFrIciEnt orf qoerarig prakeller; 7s




NACA ARR No [,5A13%

Fig.

O———— Qperanrg propeller rofanng outboard
+————Qperating oropeller rofating inboard

32

s R

8

o

Hinge
nnmne

Taul 4 (one of 7wo)

7/ }p

T

/ 2D Ourboard

ro1aror

T/)rusf Coerricient of operanng propeller,; 7,
& & & 8o

5

0O

N/

JNVACA Specifications (@ =0%).

T 1
Outboard
rorfion—

| LT

7/‘
/ u

ot -,_/nD}Q;z/’d
roranon —
: ' £+
Y &

o) /O 20 30

0

/?/&/7[ rvaqaer ceflection, o, deg
. _ B) Army  specifications (8=/0%).
Flgure 3- Asymmelric-power Characrerisics of a M/n-en%me.-

Qirplane  model equip

A WiTh verzical- rail @esion

Sg JYCh) 10al 1he rolling moments equal O, 8z 45 Se-
xX=3% /eft propeller windmiling rudder fixed.

NATIONAL ADViSoRv

COMMITTEE Fog AERGNAGTICS

9a,b



NACA ARR No. L5A13

Thrust coefficient of operating propelier, 7e

Fig.

10a,bd

| (b) Army  specifications (8=/09!
FIQure /0 - Asymmelric -power characteristics of a TVIN-engirie-

O Qperanng propellier roranng outboard
+——— Queraing propelfer rofaning nboard
Hinge e ~
~ Vi
of b V4
a5 Jall 6 7t/
40
. ' ‘ \]\\ *L\ l
[ SQ\MQX//f)U/;? é
32 #L/ Qvallable AT
; FOIanoN |
24 / L s
Il jl/é’y 7‘// i o __[n%;a/’d 4=
: Ou d|  roaion
16 ‘gé‘ %‘j fe vofation i )
< v
AN ot |4 ]
i/ / <AL outbaard
] / » rorafion
o0db @ : 4 | | I ‘
20 Q) MACA  specifications (8= O%). __Maximum 7.
' | . , | avaiiabd
| / MaXium = " LS AN T
L Y e | S
A%« ~OuTboqrel %% _*] | ?ﬂ— / ATnﬂ | /7
o4t — roration | UG
: | outboard / 1iDoard
C!“L]nboard ! & 7o1aron — 1oration —
roralion , . N
16
08 RAHONKEAB Sty
COMMITTEE FOR RERONAUTICS
o | ,
0 i0 o 30 0 /O 20 300 ©O & 30
Tl efeckon, ~
/4/% = /12 'l*'a/fggm ruader deflection, 8, deg

Qurplarie model equipped with vertical-tal designs 5, 6,
and 7. Sa SUCH 1 7 rolling moments equalO; & =451 8,0

X505 ket propeller WIndmiing; ruader rxec.



NACA ARR No. L5A13 Fig. 1lla,b

777rusf coerficient Of operanry propélier, 7

T Mock/ ayreclonally wastibe

Hinge| H
ne . )
7ai / (o T/
32
24\ ok
arechonally .
46 wunsiable ar | <O
% =0 ]
.08 - ,
e @
0 O- Bl '

(@) Qperanrng propelker rotanng outboard.

.32
NATIGNAL ADVI‘SORY

Mock/ OMMITTEE FOR AERONADTICS
24\ ayrectionally _

unsiable .ot ’ f g
J6| -0 /O
08 & a a,.,

)CJ e
O (.\3/ j

o) D& 308 0 @0 300 10 20 30

- Angle Of SIoesip, 3, Ok
b) Qpcrarng propeler /ozb ing nboard.
FIGUIE [] . ~ASYIImenic -LOwer  CHAaraclerisies OF a Iwii-Ergirie-

amane rmodel equyped wirh verfical- 7al! kesigrs /)2 ard
3. Sa such thar e rolling maments equal O; S, -45; 56- o}
oc=5; left propelier winamiiing ; ruckter vee.



NACA ARR No. L5A13 Fig. 1l2a,b

Mode! direclionally unstatve
O ——— Verfical 1ail alone

(0/77g/éf4fw)

24

16

08 -
° L
)

-

0 &=

(@) Operanng p/obe//er
roranng outboard .

32

NATIONAL ADVISORY
COMMITIEE FOR AERONAUTICS

.24

16

08

Thrust coefficient of operating pro,oe//er, Te

S

9
Ang?e of é(z)qfés/fo(,) 5 0537 ‘
&) Goeratng propelier rotaing mbeard.

FIGUre 12.- ASyrmnerric-0oner Characrerisiies OF Q 1n/ih-engine -
atrplane el eqiupped with verfical-fail o’esggrg . .
Sa SUC 7l e rolling momenis equal ;8- 457 &-0joc= 5;
/eft propeller windmilling’; rudder free .



NACA ARR No. L5A13 Fig. 13a,b

0 Lrapelier, Te

yeran

Thrust coefficient bf O

IS |
ot oF sab L
Al |
ol s e Ty
40 :
.32
24 .
e
16 7} ‘&
08} -
Ot? ) ré
o a) Ay praos/ier ror 112 Qutboard.
== SSISSNS NATIONAL ADYISORY
32 ' ,%’M}/mum ‘ COMMITTEE FDR AFRONRUTIES
) Q| T avanatre
2 | ¢
- ¢ .
Jb ' |
08 C c

& 4 ¢

) " r;{q er

Mo/ areciionally wunsade

o O 20 DU O 0 098 O 20 0

Angle of SIGESID, G , eg
(b) Qocrating propelicr rotatng inboard.,
FIQUIE |3 - - ASyImimelric oower Characlerssiies oF Q yn-engirie -

anparne model equynped Wi verioal-tul esigns b é,ana 7.
Tg Such 1al 7 1o Imoments equal O; 8-45:5-05 o = 55
/efT propeller winammiing ; rudder free .



NACA ARE No. L5A13, « .F1g. l4a,b

——>Mook/ airechonally wnstbke

24

/6

0
i
]
!
|
}
1
!
|
|
|
t
Y

(@) Qperaling propelter oty outboard.

24
P e o ke e

Thrust coefciernl of Queraing L0e/fer, T
L ®)

10 20 30 40 0 &
Angk of Siaesip, 3, oeg
@) Operating praopeller rofatng nboard.

Figure 194 .- £Hact  OF aorsal-arid. vential-111) areds Lyoon

e asymmenc-power ChrackernSIcs Of Q. IWin-€ngine- -
" aurplane model equupped with verfical-fu! qQesrgn 2.

SaSUCH 7hat The ralhng moments equal O; S;=45; Se=0;

o= 8% left propeser winadmilling ; rudder free.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



'NACA ARR No. LB5A13 Fig. 15a,b

—— Modk/ arecionally wistabe

@/ 3 o
o) @a/ Vé_ﬂ__#a/
posal - — & o
& == 8
Veniral a
32 O T —
Vo
24 ot
AT -
N L.
~N /6 1/- x ]

S

(a) OQperating propelier rotarng outrboard.

j— —

Thrust coefficient of Qperanng prope.

32 = L
24 ~f =
3 =

J6
g C

) 4

/0 A ol 60
0 /4/70/50 of &32'65/400)5’, 0@90 cv nﬁﬁ'&“’éﬁnﬂfgﬂurlcs
B) Operating praveller rokatng 1nboard .

fgure 1S .~ £Ffect of aorsal- ard verral-7n areas yoon 7e
QSYIMIMENIC-DOWer  CHaraclerisies  of a. IWi-<rigie-Qurpla/ze
mockl equupred wirh) . vertical-fall aesign 3. da Such that e
rollng moments equal O; 8p=45; So=0; oc=5] keft propelfer
winamilhing ; rudder r7ee. ‘



NACA AFR No. L5A13 Fig. 16a,b

——— Moae/ Glrechionally wiskatie

Mnfra/a
“‘,J.“L\ \';‘1—;\\\\ AANAYAEAN AN N,
7/’;@“'

R L Maximum 7
v fable —

40

J6 y /O

w0 \@Qperatng propeer ratng outbcard.
AN v——--] v——-—-——-—————-_‘_—\‘\ N
| 1
32 | /
- - Maximumn 7, Y/
H avallable
24

Thvust coefficient of aperating proelkes, 7:

J6 _<i
3
RATIONAL ADVISORY

¢ R g%@s/,‘g/ 5, &% MMITTEE FOR AERONAUTICS
10) Ope/z;gnq Lropeller rofaing mboard.

Figure /6. - £ffect of dorsal- and venitral-#an aréas upon e
ASYIMIMENIC - bower character/SHes oOf a #win-ehglne-
airplane moael cguipped  wirh vertical - fall aesign I
Gy Such #at he rolling moments equal O; Sq=45; 8= O

A=5 S 1eft propeller windmilling; rudder #ree.




NACA ARR No. L5A13

Fig.

—— MO/ alrechonally Lastade

ventral
a
o
I T I —
}\k) . -
Q
%
:
*§ © (@) Qperatrg provaller rolahng awtboara
8 -
6 32 1
N ,
3 i
% | 249 y / -
- = —
5 /6 // J/ )
NG i"i'é
N s _rﬁ]
bl
%ﬁf
OB I6 0 o 0 30 .
Angle of  SIGES/D /3, 0 NATIONAL ADVISORY _
) 0,06/2?//70 ,quoe//e//o/a%//% JBYUHIEE FOR AERONAUTICS

Figure I'T=£Ffect oF abrsal-ard veniral-7in areas poor) 7He
QSYIIENIC - LONEr CHArOCIErISics  of Q@ 7wWin-engme -amplase
model eguypoed with  verfical-ral aesign 6. S, such 1hat
e rolhing moments equal O; &, = 457 &, =0;cc= 55 feft propeller
W/nam////rg, rucker f7ge. :

17a,b



NACA ARR No. L5A13 Fig. 18a,b

— Mocke/ a/epﬁcvxz//// wnsble

Ja
o oorsal vl
—— & &
v—-_ =5 <

ventral a

40
7—.— -~
;\U'32 /;,l;(\—*—:——— S e o4
% 24 =B Y L0
N "{g/nV_:r
Q /6 § =
Yoo
5 B
O o & :
S 40 LRlOpenatyg rgpeller mtnning autboara.
W ' ,
Q
S .32
& @
E § 24 %
- .
3
E /o)
N
-% 3
O . =
/ 20 + O i ViR
/4% o &2 a’c;?//p/ 4/ cz’egéo NATIONAL ApviSORY

B Operating propeiler roratng inbecsiedtt TR ALRINAUTICS
£/Quire [8-£77c7 of avsal-arnd vertra)-An areas Lo 16e asyvnerrsc-

poaver Craraclerisies oF a Iwin-engine-aunmare 170dk] eqgLypLed
WIh vericakia)) oksmrn 7. 6, Such #at 77 NG e nents equalO;
- Gp= 57 S~ Q5 A=5°, 17 propeller WInaAmIinNg  rudier #ee.



NACA ARR No.

Hinge.

]

L5A13

Tl 1 Tl

72l 6 7

[—_‘1 Inboard rotaion

q &0~ 7 OQutboard rotahon
S a0 % - £Slimaled by
Q exrrapolalion of
- Q;\ (] r 7_r'" aata ‘
N 7
S . ; _
. 8w
S / /
Y LY MR
§* Q) MCAh Specifications (o = 20°).
| B
\0\ ) 2 I C‘ /Oj//‘ : [4: }
' s 7 /
600 — 7 ,/ 7/
fe % 7 787
S ST
/
N ®) Army soecmcaf/ons (o= 209.
f 00 NATIONAL ADVISORY
N COMMITTEE FOR AERONAUTICS
LD 2400 7
3 7 -
8 nal 0o
8 / /
R Al 1 Al 7
&0 Da//f/ecﬁbm 7 % %
4
O Wsm / % m 4 // 4

4 5
(C) /VACA s,oeaf/ca;‘/om, rudder free (/0'<,€‘/Z?/ /
Figure /9.-f17d Of mode of propeller 7okalon upon e permissible
asymmelric brake or
1he North American 5-28 airptine
wnder NACA and Army  Flight” speci /caf/ons

Lorsepower, ca/ca/a/ed from st dafa

ng on one engine



NACA ARR No. LBA13Z . Fig. 20a,b

<
1
- HINge :
line t
i
Q . . » +
g Tan /1 ‘a2 an 3
e 3—_ |
g\ 1600 /8'@5%05
Q
Q 2=
§ /200t &S A
§ Tl /1 2 P S0 8
el
w //\/\(/ - - ,X /O
% T A 1=
0 CANESRERE
g 400 5 j/ LX‘:'____ S 4+ 5|
8 .7 /_// . - )
Y o £ > S o—O0-
. Q) NVACA specifications (B=09-
- -~ : 7 3
Q, B NATIONAL ADVISORY ' |
§ | COMMITTEE FOR AERONAUTICS 5 30
) ol 2+ 2O
g‘ y/ ' : e // , 7
< 309 ol S Sl !
N //,r_;@//,/ L s
3 VAN o i | |
3 80 7 :; T — < 0
§ /// 1
. Y owo ¥ -
] .
0 of

O e oL 06 08 o 2 /4 46 L8

Veriical-Tall rea, Sy, 17Qclicn Wing a/ea
(b) Army  specificatons (8=/02.

Floure 20.~LFectr o veriaal-ul area anadl e aerkeion
upon 72 pernssitle rake. horsgoower, calcliaied 17om
model est aarsq for e Nor#? American B-28 aurplane
operanny on one engine wxer NACA and Army fight
Specificalions. Qperanng propelfer 1oratiig odlboard.



NACA ARR No. Lb5A13 , Fig. 21a,b

%m //
O rar 2 # /,('
200 — +— 3 e
% X — G (rr-1a1/) 7
n % /5'< 221/
QA TR
§ + / // /_ ',//
/ )
° >< gl
S o -
/1 ) v
X DZEE
%
9 ,/é o @ Inboard rotaron.
N A
N 40—/ } |
o uMMITTEE FOR AEONAUTICS
Y
Q 0 . -
N X
WY} — el
X + [~
NS A
§ 7ar! 4= /:/ X i
» /1200— a 3— - t ] ®
N NN A | /P
S T
500 X
L 7 | -
B 4
3 ‘ /K/ ] (b)outboard roration
§) ///.
7
@,
/6 20 29 28

4 8 /12
- Right - rudder cerfeciiori, d; J d@

ﬁgumé/;—(omeanson /of rhe asgmg/;efr}*{g -/,Z/oa/é/‘ ﬁg/vmc/z@ms-
1CS OF ar) cpiane e, 1774 " g Snx/e
verircal 727//5/.0/1//404%/?%('07‘/005; 8 =0°. e



I

NACA ARR No. LB5A1l3 Fig.

S, | |
§ | S nbaard rofation
N2 e — T=0uttoara roraten
3 Wroes LA —
e + » —d
Q200 Ay (1 S
8 a0 | /'//752//4——' | ~O'ufboa/n/ rotation..
~\S + /’ | T /nbaa/zl*:z rotatiorr |
§ m /'E‘ I F =X L -
P | v NATIONAL ABVISORY
% I A COMMITIEE fOR AERONAUTICS
® 052 7B 20 24 28 32
B RIght rudder deflection, oy, adeg.
® @) Army  specifications (8=/07).
N
N
Y
N
b N
% 1200 e ———
3 outhoard ~oirectanadly,
S\ /“o‘ aﬂlon “‘\ [r} anlsfalb/el
800 - }
R %?gﬁ%@% | Diechonay unsiabke
% : Dirsctiond !
“ Tail 2~— T b
. § 400 7 4+ ﬁ—; wis, >/’<
& PR
AIE=——4 - B R S s

Angle of sides/ip, £, deg
(b) MACA spscifications } rudder free.

Flgure 22.- Compar/son of the asVImmerr/c -power
characterrstics of an ainplane equipbed with
twin and single vertical talls and at various
anglies of Sideslip.

22a,b



NACA ARR No. L5A13 Fig. 23a,b

o 7‘02// As,z}ejgé ‘/af/o ‘ /: y |
2000 e — "3 154 /;ké -
X———— & 3.00 “1 72w :
L 5 P=O;
1600 e 3
X 2
1200 A
;Y v
690 X,/
V¥
/} ;
400 // NATIONAL Aumo;zxv
A b COMMITTEE FOR AERONAUTICS | -
A A0
77
oLy
4 8 /2 s 20 24 28 32

RIght rudder deflection, of, akg
(@) NACA specrficarions (8= 09 -’

|
200 _fxﬁ/recf/m//y
LT unstable
+ 1/
1600 7/ X
: \g*\ + — X
NN E R
200 P
e i AN 1 | ) Dwectonally
P \\X Pid /’ unstable
L4 A \< n/
IX/ f.
w G _ /* //k)

Permissible  #ull-scale br_a/(e Norsepower of OPErakng engine , HHP

o |
g 2 4 6 8 0 /2 4 /6

ANgle of sidesl/ip, £, a’gg
(b) NACA specrfications; ridder #ree. .
£IguUre 23.— Carmparison of #he asymmerric —power
characteris?cs of an aiplane ~ cquipped with
high- and low -aspect-ratio vertical tarls. inboard
rofation. : '



NACA ARR No. L5A1l3 Fig. 24a,b

2800
7 o) Canveritional (Tl 7)
Q A a1 5 —-r//'f +———— All-movatre (7l S)
Q \
+ - —0
-9 « (LT 17 11T T T
N =770 SPECLTICATIONZS, 3= /0
3 4 Lo P . £ -
/ / | I a
B [ 7 SoRamaEieTE B0
y /2006 . — O
3 &y, ANEEE
' / !
8 8o0o 717 TS 7 NATIONAL ADVISDRY
Q / /’.} CTWW TEETFORT 1IC8
$ 0 7 < ; (@ Poader 77xed.
} T 1]
g g 4 8 7 76 20 24 28 3z J6
g AN rudaEr aeriection, o, den, e
g 0/}290}/0/7'@/:\/
f unsiahie
g ,
:
D1 rectionally
D 400 ! 5 /L 1O
Q : unstabse
N A
Q) /200 // //
N A
3 /’/U =7/ 7
N 800 A
R Lol + 4
Q 200 // D) Rudder riee._
W
v
0 2 Vo) A SR S

Argle of sideslp , G, deg

‘/790/‘@ 2.~ Compar/sorn  of e QsSYIINnEHIC ~poweEr charac-
7er/SHES  Of @ 1WiN-CNGINe - aurplane mocte! EQupPeEX
with an all-movabre. vert/cal rar with /inked rab
and with a sSingle conventonal tal. OoeratnNg
LIOpeller Huning ouwtboard.



NACA ARR No. L5A13 Fig.

— —load curve 7or all~mowble - ful (L) 112)
- Load cure 7or conventional tul d'}% 20°

N /5

Y\ /0°
A~ 5

by a/l- movable
tarl at B=0; dr'_=10°

 Vertical-fas! /oad

Load produced by conventional
tair/ at /5=‘0°} O;. = /O0°

0 T 5 10 5 20
Verfical - 7;01/ énCI/dence e ) .
Angle of sides/ip cle
Angle of attack of fa//irJ v
ﬁgure 25.- Typical lood curves Bor the oll-movable
and conventonal YHpes of vertcal fail.
: 'NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



NACA ARR No. L5Al3

~§‘2’4 _ -
| éZO

“ L

§/6 *J\L—C - /'3.410 ,

§ 0 // = Calcufate

N ol & /

L

N /

% / NATIONAL ADVISORY

% 4 7M—G COMMITTEE FOR AERONAUTICS ~— |
Q) .

0

"B T 6 2 32 40 48
Asymmetric - thrust coefficient, T,

ngre 26— Alleron deflections  required o trim
rolling moment creaied by asymmeiric
power. B =0°% operaling propeller
rofahmg ;oufboard‘ '



